Introduction
============

Spinal tuberculosis (TB) accounts for 2% of all cases of TB, with up to 15% of cases being extrapulmonary TB and 50% being skeletal TB \[[@B1][@B2]\]. It commonly affects the lower thoracic and lumbar vertebrae, followed by the middle thoracic and cervical vertebrae. Pott disease maybe the first manifestation but is usually secondary to lung or abdominal involvement \[[@B2]\].

Spinal TB is a diagnostic dilemma with a huge treatment challenge and a potential to cause serious morbidity, permanent neurological deficits, and severe deformities \[[@B2]\]. Medical treatment or combined medical and surgical strategies can control the disease in most patients \[[@B3]\], with the key being early detection and timely and judicious surgical intervention. This intervention depends on the clinicoradiological compression of the spinal cord and nerve roots, patient\'s age, and anti-tubercular treatment (ATT) responsiveness \[[@B2]\].

Surgical management helps regain motor function and ameliorates disability. Currently, the selection of an optimal surgical approach for treating thoracolumbar TB remains controversial. The goals of the operation are adequate decompression, debridement, reinforcement of stability, and correction and prevention of any deformity \[[@B4][@B5]\].

The anterior approach was traditionally preferred because it enabled direct access to the infected focus and provided easier access for debridement and reconstruction of defects. Unfortunately, concomitant osteoporosis associated with the infection prevented adequate fixation in the thoracic and lumbar region \[[@B4][@B5]\]. A combined anterior and posterior approach helped overcome stability-related drawbacks of an anterior approach, although it had its own drawbacks \[[@B5]\]. Posterior or posterolateral approaches have gained popularity in the last decade. Via the posterior extrapleural approach, both the anterior and lateral columns can be accessed \[[@B5]\], thereby providing excellent exposure for circumferential spinal cord decompression and enabling extension to multiple levels above and below the pathology level \[[@B4]\], with less morbidity and short operation time, as well as reduced blood loss, compared with the combined anterior and posterior approach \[[@B5]\]. Moon et al. \[[@B6]\] concluded that posterior spinal stabilization and anterior interbody fusion were helpful for preventing the disease early, providing an early fusion, and correcting and preventing kyphosis progression.

There has been limited research regarding the incorporation of a posterior transpedicular approach for surgically treating thoracolumbar TB. This study aimed to evaluate the efficacy and safety of decompression and stabilization via the posterior transpedicular approach alone for patients with thoracic and thoracolumbar Pott\'s disease.

Materials and Methods
=====================

1. Subject and study design
---------------------------

This is a Retrospective Cohort Study that included 60 patients with Thoracic and Thoracolumbar Pott\'s disease. This study was conducted at the Indian Spinal Injuries Centre (ISIC), New Delhi from June 2014 to June 2015 and included all patients with thoracic and Thoracolumbar Pott\'s disease from the inpatient department who underwent a posterior transpedicular approach procedure from January 2009 to January 2014. Patients aged \>18 years who had thoracic and Thoracolumbar Pott\'s disease were eligible for the study. The diagnosis was confirmed in all patients by histopathological examination. Patients were included if they had deteriorating neurology while undergoing a conservative treatment (grade 1, 2, and 3 paraplegics), severe kyphosis with an active disease (\>30° in adolescents and \>45° in adults), progression of kyphotic deformity grade 4 paraplegics (as per Kumar\'s classification), limited improvement even with ATT for 4--6 weeks (grade 1, 2, and 3 paraplegics), spinal instability on X-ray, and a spine with a risk sign of ≥2/4.

Patients were excluded if the histology was consistent with another diagnosis, if they had cervical or sacral TB, if they underwent other surgical approaches, and if they had severe comorbidities and were deemed unfit for operation. The study was approved by the Institutional Review Board of ISIC Hospital and the Clinical Trials Registry of India (Trial no. CTRI/2016/09/007237). The demographic and clinical characteristics of the patients are shown in [Table 1](#T1){ref-type="table"}.

2. Clinical evaluation
----------------------

The following outcome measures were evaluated at baseline, postoperatively, and at 6 and 12 months using a visual analog scale (VAS) for pain (Score of 0--10), Oswestry disability index (ODI) for low back pain (Score of 0--50), preoperative and postoperative X-ray; Cobb\'s angle for the kyphotic angle and loss of kyphotic correction; and the American Spinal Injury Association (ASIA) Scale for estimating the neurological status.

Besides these outcome measures, average operation time, bony fusion, implant loosening, and implant failure were evaluated.

3. Statistical analysis
-----------------------

A paired *t*-test or Wilcoxon signed rank test (in case of nonparametric data) was performed for comparing angles measured preoperative and postoperative and at the final follow-up, VAS scores, and ODI scores. Data were corrected using Bonferroni correction for multiple comparisons. The statistical significance level was set at *p*\<0.025.

Results
=======

From June 2014 to June 2015, 560 patients were identified as potential participants for the study, with 245 diagnosed as having thoracic and thoracolumbar TB and 85 undergoing the operation via the posterior transpedicular approach. Data of 60 patients (11%) were used in this study.

The mean age was 49.7 years (range, 18--81 years). Of the 60 patients included in the study, 34 were females and 26 were males. The upper thoracic spine D1--D4 was involved in nine patients, the middle thoracic spine D5--D8 in 17, the lower thoracic spine D9--D12 in 19, and the dorsolumbar and lumbar involvement in 10. Five patients had multiple level involvement, from the upper thoracic spine to the dorsolumbar spine with skip lesions inbetween. Baseline characteristics are presented in [Table 1](#T1){ref-type="table"}.

1. Primary endpoints: safety and efficacy
-----------------------------------------

Patients were examined for at least 12 months, with an average of 16.81 months (range, 12--40 months). The average preoperative erythrocyte sedimentation rate (ESR) and Creactive protein values were 45±15 mm/hr and 29±15 mg/L, respectively, which decreased over 1--2 months after the operation and returned to normal at 3--6 months after the operation. No recurrence of spinal TB was observed at the final follow-up. The mean operation time was 260±30 minutes, ranging from 180 to 540 minutes, with the maximum time recorded for patients who presented with either contiguous or continuous multiple level involvements.

The mean hospital stay for postoperative rehabilitation was 15 days, with the maximum being 80 days and the minimum being 6 days. The abbreviated injury score-A (AIS-A) patients required a prolonged hospital stay for rigorous physiotherapy to have an independent lifestyle, as per our institutional protocols.

2. Secondary endpoints: clinically relevant outcomes
----------------------------------------------------

[Table 2](#T2){ref-type="table"} summarizes the changes in clinical outcomes at baseline, postoperative, and at 6 and 12 months after the operation. Fifty-five patients had a successful bony fusion within a mean of 6±1.5 months, whereas five patients had either late fusion or nonfusion because of secondary infections. Of these five patients, one required a revision operation because of a surgical site infection. The other four were strictly followed up, but no active surgical intervention was performed ([Fig. 1](#F1){ref-type="fig"}).

The mean preoperative kyphotic angle, as measured by Cobb\'s method, was 19.845° (range from −39.5° to 37.76°) and the mean of immediate postoperative angle was 7.74° (range from −52.45° to 24.29°). The mean correction achieved was 10.28°. The mean kyphotic angles measured at 6 and 12 months were 9.16° and 9.67°, respectively. At the final follow-up, the mean kyphotic angle was 9.98° and the mean loss of correction was 2.40°. These results are compatible with those of other studies ([Fig. 2](#F2){ref-type="fig"}).

The maximum preoperative VAS score was 10, with the minimum score being 6 and the mean score being 8.15. The maximum postoperative VAS score was 5, with the minimum being 1 and the mean value being 2.18. The VAS score at the final follow-up was 3, with the minimum being 0 and the mean value being 0.83 ([Fig. 3](#F3){ref-type="fig"}). The mean preoperative ODI score was 32.52, with the maximum score being 47 and the minimum score being 15. The mean postoperative ODI score was 13.42, with the maximum score being 30 and the minimum score being 5. The corresponding data at the final follow-up were 3.96, 0, and 25 at 3, 6, and 12 months, respectively.

Thirty-five of 60 patients were categorized as AIS-C and AIS-D. Three patients were AIS-A, AIS-B, and AIS-E had equivalent number of patients, which are 11 in each category. Except four patients, the neurological status of all other patients improved postoperatively. At the final follow-up, 43 patients returned to their previous neurological level of AIS-E, and 11 patients regained their neurological status and improved in the AIS-A scale from AIS-B to AIS-D. Three patients with AIS-A did not neurologically improve after the operation even at final follow-up ([Fig. 4](#F4){ref-type="fig"}).

One patient was AIS-D before the operation but became AIS-A postoperatively owing to a perioperative complication of nerve root/cord damage and became AIS-A at the final follow-up. Another patient required an additional operation for the recurrence of symptoms and the development of an abscess. Two other patients developed postoperative infections (surgical site, which required debridement and secondary closure) and chest complication that prolonged their hospital stay and rehabilitation.

Discussion
==========

Pott\'s disease is the most common granulomatous bacterial infection of the spine and the most common bone TB \[[@B4][@B7]\]. The goals of the treatment include eradication of the infection \[[@B8]\], prevention and/or treatment of the neurological deficits, correction of the spinal deformities, achievement of a normal spinal contour, and achievement of an unrestricted ability to function in activities of daily life \[[@B7][@B9][@B10]\]. Excellent results in terms of clinical and radiological prognoses can be achieved with the treatment of spinal TB, provided there is an early diagnosis \[[@B4]\].

Several surgical options have been reported in the literature for spinal TB, such as anterior or posterior operation alone or a combination of both \[[@B7][@B11]\]. This study aimed to investigate the effects of the posterior transpedicular approach on the functional and radiological outcomes in people with thoracic and thoracolumbar Pott\'s disease. The study findings showed that the posterior transpedicular approach produced a clinically relevant improvement in the functionality of the patients.

In our study, patients underwent anterior decompression and posterior stabilization through the posterior transpedicular approach, leading to rapid recovery and early mobilization. Statistically significant improvements were observed with respect to the ODI, VAS, and ASIA scores and Cobb\'s angle, indicating recovery and improvement in the functional ability of the patients.

In this study, we retrospectively evaluated the functional and radiological outcomes of the posterior transpedicular approach only in 60 patients, of which 43% were males and 57% were females; these were similar to the figures in the studies by Sundararaj et al. \[[@B12]\] and Jain et al. \[[@B13]\]. The age of the patients ranged from 18 to 81 years. Schmorl et al. \[[@B14]\] reported that Pott\'s disease occurred in the first and second decade of life in 50% and 25% of patients, respectively. In our study, most patients were in the fourth to sixth decade of life. In a study by Jain et al. \[[@B13]\], the age distribution ranged from 2 to 57 years. Therefore, it can be concluded that patients of all ages are susceptible to spinal TB. Thus, a differential diagnosis should be considered in individuals who present with either back pain alone or back pain with a neurological deficit.

The average number of vertebra involved was 2.23, with most patients displaying an involvement of two adjacent vertebrae, signifying that paradiscal lesions were the most common type of spinal TB \[[@B15]\]. Pott\'s disease requires surgical treatment when there is a loss of sagittal alignment of the spine, spread of an abscess in paraspinal tissues and the spinal canal, compression of the spinal cord or nerve root, and failed chemotherapy \[[@B16]\]. The most common indication for operation in our series was a progressive neurological deficit, despite ATT use, which was observed in almost 45 patients, with 32 having both neurological deficits and pain.

Surgical management depends on the following two principles: debridement with spinal cord decompression and stabilization \[[@B16]\]. The anterior approach described by AR Hodgson \[[@B5][@B16]\] in 1960 has been considered the gold standard for surgically treating Pott\'s disease because it enables a direct access to the vertebral body for debridement and an optimal visualization of lesions \[[@B11][@B16]\]. It also provides a large area for fusion \[[@B11]\]. However, the anterior approach has many limitations such as the requirement for long periods of immobilization, a progression of kyphosis, and a graft failure \[[@B11]\]; it also has a high morbidity rate \[[@B11]\]. Therefore, the posterior transpedicular approach, described by Hibbs and Albee, is an effective method to stabilize the thoracolumbar spine and promote healing \[[@B16]\]. This approach has been reported for preventing graft complications and kyphosis progression \[[@B5]\].

The posterior transpedicular approach also reduces the total operation time and morbidity, thereby enabling early mobilization \[[@B4]\], and offers excellent exposure to the spinal canal for decompression, rendering good clinical results \[[@B4][@B11]\]. Our findings are consistent with those reported by Sahoo et al. \[[@B17]\], who retrospectively evaluated the results of posterior decompression and transpedicular screw fixation in patients with thoracolumbar spinal TB and neurological deficits. They used posterior decompression and transpedicular screw fixation in a single stage with ATT and observed improved kyphosis. Bony fusion was achieved in 55% of patients, and neurological recovery occurred in 94.4% of patients. They further reported that all patients were relieved of pain, with the final VAS score ranging from 0 to 2 \[[@B17]\].

Xu et al. \[[@B18]\] found that after an anterior radical debridement with a bone graft fusion and a posterior pedicle screw-rod system fixation, the Cobb\'s angle was 9.8°±3.3° postoperatively. The kyphotic deformity was also corrected at an angle of 17.2° in the thoracolumbar region. Their study further concluded that the procedure was effective for bony fusion, correcting spinal kyphosis, and reconstructing spinal stability in patients with thoracolumbar spinal TB \[[@B18]\].

Lee et al. reported that transpedicular instrumentation provides excellent prevention of kyphotic progression in patients with limited spinal bone destruction. Their study and another one by Broner et al. also stated that the immobilization achieved using posterior instrumentation might be useful for suppressing infection and providing a stable environment to prevent TB recurrence \[[@B9]\]. In our study, the posterior transpedicular approach prevented infection and promoted healing, which was demonstrated by a significant decrease in ESR values at 2--4 months postoperatively, with no disease recurrence.

Thus, it can be concluded that conservative chemotherapy should be considered as the mainstay of treatment in all early and moderately advanced spinal TB cases, whereas operation is the mainstay of treatment along with chemotherapy for advanced cases with neurological deficits and impending/worsening kyphosis. Long-term neurological improvement is achieved only via the posterior transpedicular approach \[[@B5]\]. Many studies have reported satisfactory results and several advantages using the posterior transpedicular approach. One of the advantages of the approach is that it provides good fixation via the posterior elements because the disease pathology is anterior \[[@B5]\]. The posterior transpedicular approach also provides excellent exposure for a good spinal cord decompression and enables the instrumentation to be extended to multiple levels above and below the pathology level \[[@B4][@B11]\]. Moreover, the approach improves the correction of sagittal alignment of the spine \[[@B5]\] and addresses all our goals for the management of spinal TB.

The posterior transpedicular approach provides better functional outcomes and kyphosis correction compared with the anterior approach \[[@B5]\]. Our study demonstrated the clinical efficacy and safety of the posterior transpedicular approach in patients with Pott\'s disease, focusing on neurological improvement, rate of infection after the operation, operation time, and hospitalization stay. However, our study has some limitations. First, this was a retrospective study with a small sample size of 60 patients. Second, follow-up was performed for a minimum of 12 months, which is a very short follow-up period. Third, the amount of blood loss was not calculated and radiographs were used to assess fusion instead of computed tomography.

Despite these limitations, this study shows that the posterior transpedicular approach is a safe surgical procedure for thoracic and thoracolumbar Pott\'s disease, resulting in a short operation time and low postoperative morbidity. The results indicate that a posterior transpedicular approach contributes to improved functional status and significantly improves neurological, radiological, pain, and functional scores, as well as fusion rates.

Conclusions
===========

In summary, this study constitutes the initial step toward the understanding of potential benefits of posterior transpedicular approach. However, for further validation, more Randomized Clinical trials with a larger sample size and a longer follow-up period considering other perioperative factors in addition to comparing the results of such trials with other approaches to finally ascertain the effectiveness of the posterior transpedicular approach are required.
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###### Demographic and clinical characteristics of the patients included in the study
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ATT, anti-tubercular treatment.

###### Changes in clinical outcomes preoperatively (baseline), postoperatively, 6 months and at 12 months after the surgery
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AIS, abbreviated injury score; VAS, visual analog scale.
